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(57) ABSTRACT

A control device (100) of an electric sealed compressor of
the present mmvention comprises a power converter (30)
which supplies electric power to an electric motor (5) of the
clectric sealed compressor; a driving circuit (27) which
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drives the power converter (30); abnormality detector (40)
which detects abnormality in an abnormality detection
region including the power converter (30) and the driving
circuit (27); a controller (11) configured to output a control
signal for driving the power converter to the driving circuit
(27) and stop outputting the control signal in response to a
signal (Fo signal) output from the abnormality detector (40),
the signal indicating that the abnormality has been detected;
and an auxiliary protection circuit (50) configured to deac-
tivate the driving circuit (27) in response to the signal output
from the abnormality detector (40), the signal indicating that
the abnormality has been detected.
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CONTROL DEVICE OF ELECTRIC SEALED
COMPRESSOR, ELECTRIC SEALED
COMPRESSOR APPARATUS, AND HOME
APPLIANCE COMPRISING CONTROL
DEVICE AND ELECTRIC SEALED
COMPRESSOR APPARATUS

TECHNICAL FIELD

The present mvention relates to a control device of an
clectric sealed compressor which has a self-protection func-
tion, an electric sealed compressor apparatus, and a home
appliance comprising the control device and the electric
sealed compressor apparatus.

BACKGROUND ART

Conventionally, a control device for controlling an elec-
tric motor of a compressor icorporates a power device such
as IGBT and IPM (intelligent power module) having a
self-protection function (e.g., see Patent Literature 1).

In a control device of an electric sealed compressor, an
AC/DC converter converts an AC voltage into a DC voltage,
a capacitor smooths the DC voltage and supplies the
smoothed DC voltage to the IPM, and the IPM activates the
clectric motor of the sealed compressor.

The IPM includes a power module constituted by, for
example, IGBT, an overcurrent detection circuit which 1s a
self-protection function, an overheat detection circuit which
1s a self-protection function, and a control voltage abnor-
mality detection circuit which 1s a self-protection function,
and controls the power module 1n response to a control
signal from, for example, a controller such as a microcon-
troller.

The IPM 1s configured such that the overcurrent detection
circuit detects overcurrent, the overheat detection circuit
detects overheat, and the control voltage abnormality detec-
tion circuit detects a voltage supplied to the IPM, which 1s

outside an operational range. Upon detection of the abnor-
mality, the IPM turns OFF the power module by the seli-
protection function to protect an 1internal device, and outputs
an abnormality detection signal (Fo signal) to shut-off the
operation of the power module from outside. Upon detection
of the Fo signal, the microcontroller stops outputting all
control signals to stop the operation of the IPM. In the above
described manner, the IPM performs the self-protection
operation to prevent heat generation and incorrect operation
of the IPM and the electric motor of the compressor due to
the overcurrent, the overheat, and the control voltage abnor-

mality.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Laid-Open Patent Applica-
tion Publication No. 2000-224861

SUMMARY OF INVENTION

Technical Problem

In the prior art, 1n a case where the microcontroller cannot
detect the Fo signal due to some abnormality of software or
some abnormality in the circuit(s), the control signal from
the microcontroller 1s not turned OFF and the selif-protection
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function of the IPM does not work. This may cause the heat
generation and 1ncorrect operation of the IPM and the
clectric motor.

The present invention 1s directed to solving the above
described problems, and an object of the present invention
1s to reliably protect the control device of the electric sealed
compressor from abnormality, and thereby prevent heat
generation and incorrect operation of the electric motor of
the electric sealed compressor.

Solution to Problem

To solve the above described problem, according to the
present invention, there 1s provided a control device of an
clectric sealed compressor comprising: a power converter
which activates an electric motor of the electric sealed
compressor; a driving circuit which drives the power con-
verter; an abnormality detection element which detects
abnormality 1n an abnormality detection region including the
power converter and the driving circuit; a controller config-
ured to output a control signal for driving the power con-
verter to the driving circuit and stop outputting the control
signal 1n response to a signal output from the abnormality
detection element, the signal indicating that the abnormality
has been detected; and an auxiliary protection circuit con-
figured to deactivate the driving circuit in response to the
signal output from the abnormality detection element, the
signal indicating that the abnormality has been detected.

In accordance with this configuration, even when the
abnormality occurs 1n the controller and thereby the con-
troller fails to perform the selif-protection function 1n a state
in which the signal output from the abnormality detection
clement indicates that the abnormality has been detected, the
auxiliary protection circuit can deactivate the driving circuat,
in response to an event that the signal output from the
abnormality detection element indicates that the abnormality
has been detected. As a result, the control device can be
protected reliably from the abnormality, and thereby heat

generation or incorrect operation of the electric sealed
compressor can be prevented.

Advantageous Effects of Invention

In the present invention, the control device of the electric
sealed compressor can be protected reliably from the abnor-
mality, and thereby heat generation or incorrect operation of
the electric sealed compressor can be prevented.

The above object, further object, features and advantages
of the present invention will be apparent from the detailed
description of the preferred embodiment, with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a circuit diagram showing the configuration of
a control device of an electric sealed compressor according
to Embodiment 1 of the present invention.

FIG. 2 1s a circuit diagram showing the configuration of
a control device of an electric sealed compressor according
to Embodiment 2 of the present invention.

FIG. 3 1s a time chart of signals of the control device of
the electric sealed compressor according to Embodiment 2
of the present invention.

FIG. 4 1s a circuit diagram showing the configuration of
a control device of an electric sealed compressor according
to Embodiment 3 of the present invention.
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FIG. 5§ 1s a time chart of signals of the control device of
the electric sealed compressor according to Embodiment 3

of the present invention.

FIG. 6 1s a circuit diagram showing the configuration of
a control device of an electric sealed compressor according
to Embodiment 4 of the present invention.

FIG. 7 1s a circuit diagram showing the configuration of
a control device of an electric sealed compressor according
to Embodiment 5 of the present invention.

FIG. 8 1s a view showing the configuration of a refrig-
erator including an electric sealed compressor according to
Embodiment 6 of the present invention.

FIG. 9 1s an exploded perspective view of a control device
of an electric sealed compressor according to Embodiment
7 of the present invention.

FIG. 10 1s a cross-sectional view of an assembly of the
control device of the sealed compressor of FIG. 9, taken 1n
the direction of arrows A of FIG. 9.

FIG. 11 1s a perspective view of a rector to which a spacer
1s mounted, 1n a control device of an electric sealed com-
pressor according to Embodiment 8 of the present invention.

FIG. 12 1s a cross-sectional view showing an assembly of
a control device of an electric sealed compressor according
to Embodiment 9 of the present invention.

FIG. 13 1s an exploded perspective view of a control
device of an electric sealed compressor, according to a
comparative example.

DESCRIPTION OF EMBODIMENTS

According to a first aspect of the present invention, there
1s provided a control device of an electric sealed compressor
comprising: a power converter which supplies electric
power to an electric motor of the electric sealed compressor;
a drniving circuit which drives the power converter; an
abnormality detection element which detects abnormality 1n
an abnormality detection region including the power con-
verter and the driving circuit; a controller configured to
output a control signal for driving the power converter to the
driving circuit and stop outputting the control signal in
response to a signal output from the abnormality detection
clement, the signal indicating that the abnormality has been
detected; and an auxiliary protection circuit configured to
deactivate the driving circuit 1n response to the signal output
from the abnormality detection element, the signal indicat-
ing that the abnormality has been detected.

In accordance with this configuration, even when the
abnormality occurs in the controller and thereby the con-
troller fails to perform the selif-protection function in a state
in which the signal output from the abnormality detection
clement indicates that the abnormality has been detected, the
auxiliary protection circuit can deactivate the driving circuit,
in response to an event that the signal output from the
abnormality detection element indicates that the abnormality
has been detected. As a result, the control device can be
protected reliably from the abnormality, and thereby heat
generation or incorrect operation of the electric sealed
compressor can be prevented.

In the control device of the electric sealed compressor
according to the second aspect, the auxiliary protection
circuit may include a signal holding circuit which outputs an
operation signal which 1s a binary signal with a first level or
a second level; and an emergency shut-down circuit which
receives the operation signal as an iput; the signal holding,
circuit may be configured to output the operation signal with
the second level when the control device of the electric
sealed compressor 1s started-up, to output the operation
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signal with the first level when the signal holding circuit
receives the signal output from the abnormality detection
clement, the signal indicating that the abnormality has been
detected, and to continue to output the operation signal with
the first level after a state 1s formed, in which the signal
output from the abnormality detection element does not
indicate that the abnormality has been detected; and the
emergency shut-down circuit may be configured to deacti-
vate the driving circuit when the operation signal 1s the first
level and to activate the driving circuit when the operation
signal 1s the second level. The phrase “the signal holding
circuit receives the signal output from the abnormality
detection element, the signal indicating that the abnormality
has been detected” means that the signal holding circuit
receives the signal directly or indirectly. A case where the
signal holding circuit receives the signal indirectly includes,
for example, a case where the signal output from the
abnormality detection element, the signal indicating that the
abnormality has been detected, 1s amplified by an amplifier,
and the amplified signal 1s received by the signal holding
circuit, and a case where the signal output from the abnor-
mality detection element 1s converted 1into a binary signal
with one of two levels, corresponding to whether or not the
abnormality has been detected, and the binary signal indi-
cating that the abnormality has been detected 1s received by
the signal holding circuait.

Regarding the abnormality 1n the abnormality detention
region, 1ts abnormal state does not continue all the time, but
may return to a normal state soon, or the abnormal state and
the normal state occur repeatedly. In accordance with the
above described configuration, when the signal holding
circuit recerves the signal indicating that the abnormality has
been detected, from the abnormality detection element, 1t
outputs the operation signal with the first level and continues
to output the operation signal with the first level even after
the signal received from the abnormality detection element
does not indicate that the abnormality has been detected, any
more. Therefore, the deactivated state (stopped state) of the
driving circuit 1s continued for a specified time period,
irrespective of whether or not the abnormal state continues.
This makes 1t possible to prevent a situation in which the
driving circuit 1s frequently deactivated (stopped) and acti-
vated repeatedly.

According to a third aspect of the present invention, the
control device of the electric sealed compressor may further
comprise an abnormality detector which converts the signal
output from the abnormality detection element into an
abnormality detection signal which 1s a binary signal with
one of two levels corresponding to whether or not the
abnormality has been detected and outputs the abnormality
detection signal to the controller; and the controller may be
configured to stop outputting the control signal 1n response
to the abnormality detection signal recerved from the abnor-
mality detector, when the abnormality detection signal has
the level indicating that the abnormality has been detected.

In this configuration, the signal output from the abnor-
mality detection element 1s converted into the abnormality
detection signal which 1s the binary signal. Therelfore, the
controller can easily determine the presence/absence of the
abnormality, and reliably execute the output stop process of
the control signal by the seli-protection function.

According to a fourth aspect of the present invention, the
control device of the electric sealed compressor may further
comprise an amplifier which amplifies the signal output
from the abnormality detection element; and the auxiliary
protection circuit may be configured to deactivate the driv-
ing circuit when a level of a signal output from the amplifier
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talls within a predetermined level range indicating that the
abnormality detection element has detected the abnormality.

In this configuration, since the auxiliary protection circuit
deactivates the driving circuit in response to the signal
output from the amplifier for amplifying the signal output
from the abnormality detection element, the input circuit
from the abnormality detection element to the auxiliary
protection circuit can be simplified.

According to a fifth aspect of the present invention, in the
control device of the electric sealed compressor, the abnor-
mality detector may be configured to output the abnormality
detection signal to the auxiliary protection circuit; and the
auxiliary protection circuit may be configured to deactivate
the driving circuit 1n response to the abnormality detection
signal received from the abnormality detector, when the
abnormality detection signal has the level indicating that the
abnormality has been detected.

In this configuration, the signal output from the abnor-
mality detection element 1s converted into the abnormality
detection signal which 1s the binary signal. Therefore, the
auxiliary protection circuit can easily determine the pres-
ence/absence of the abnormality, and reliably execute the
output stop process of the control signal by the auxiliary
protection function.

According to a sixth aspect of the present invention, in the
control device of the electric sealed compressor, the emer-
gency shut-down circuit may be configured to set a power
supply voltage of the driving circuit to a voltage which 1s
equal to or lower than a specified voltage at which the
driving circuit 1s deactivated due to voltage insufliciency
when the operation signal i1s the first level and to set the
power supply voltage of the driving circuit to a voltage
which 1s higher than the specified voltage when the opera-
tion signal 1s the second level.

In this configuration, by decreasing the power supply
voltage of the driving circuit to a voltage which 1s equal to
or lower than the voltage at which the driving circuit is
deactivated due to voltage msufliciency, the driving circuit
can be deactivated. If the power supply voltage of the
driving circuit 1s decreased to 0V, 1t becomes diflicult to
quickly increase the power supply voltage applied to the
driving circuit thereafter, due to a parasitic capacitance or
the like of the driving circuit or the like. Therefore, 1n this
configuration, the voltage applied to the driving circuit in the
restoration (re-start) of the control device can be made
higher more quickly and hence the control device can be
restored more quickly, than 1n a case where the power supply
voltage of the driving circuit 1s decreased to 0V,

According to a seventh aspect of the present invention, 1n
the control device of the electric sealed compressor, the
emergency shut-down circuit may be configured to discon-
nect the driving circuit from a power supply when the
operation signal 1s the first level and to connect the driving

circuit to the power supply when the operation signal 1s the
second level.

In this configuration, when the operation signal 1s the first
level, the power supply voltage 1s not supplied to the driving
circuit. Therefore, the power converter can be reliably
deactivated.

According to an eighth aspect of the present invention, 1n
the control device of the electric sealed compressor, the
emergency shut-down circuit may be configured to discon-
nect a path through which the control signal 1s supplied to
the driving circuit when the operation signal 1s the first level
and to establish the path when the operation signal i1s the
second level.
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In this configuration, since the supply path of the control
signal 1s controlled, the operation of the driving circuit can
be directly stopped.

According to a ninth aspect of the present invention, in the
control device of the electric sealed compressor, the signal
holding circuit may be configured to automatically output
the operation signal with the second level when a predeter-
mined time passes after the signal holding circuit outputs the
operation signal with the first level.

In this configuration, the processing for restoring the
control device can be omitted.

According to a tenth aspect of the present invention, in the
control device of the electric sealed compressor, the signal
holding circuit may be configured to output the operation
signal with the second level 1n response to a reset signal
input to the signal holding circuit, after the signal holding
circuit outputs the operation signal with the first level.

In this configuration, after it 1s confirmed that the abnor-
mality has bee resolved, the control device can be restored
manually.

According to an eleventh aspect of the present invention,
in the control device of the electric sealed compressor, the
signal holding circuit may include a monostable multivibra-
tor circuit which 1s configured to operate 1n response to as a
trigger the signal received from the abnormality detection
clement, indicating that the abnormality has been detected,
and 1s configured such that a signal output 1n a stable state
corresponds to the second level of the operation signal and
a signal output 1n an unstable state corresponds to the first
level of the operation signal.

In this configuration, by hardware, the control device can
be automatically restored.

According to a twelfth aspect of the present invention, 1n
the control device of the electric sealed compressor, the
signal holding circuit may include a timer circuit configured
to operate for a set time 1n response to as a trigger the signal
received from the abnormality detection element, indicating
that the abnormality has been detected, and may be config-
ured such that a signal in a non-operating state corresponds
to the second level of the operation signal and a signal in an
operating state corresponds to the first level of the operation
signal.

In this configuration, by hardware, the control device can
be automatically restored.

According to a thirteenth aspect of the present invention,
in the control device of the electric sealed compressor, the
signal holding circuit may include a flip tlop circuit config-
ured such that the signal output from the abnormality
detection element 1s input to a set terminal, the reset signal
1s mput to a reset terminal, a signal output in response to the
reset signal corresponds to the second level of the operation
signal, and a signal output in response to the signal received
from the abnormality detection element, indicating that the
abnormality has been detected, corresponds to the first level
of the operation signal.

In this configuration, by hardware, the control device can
be restored by manual reset operation.

According to a fourteenth aspect of the present invention,
in the control device of the electric sealed compressor, the
abnormality detection element may be a current detection
clement which detects an input current or an output current
of the power converter, and the signal output from the
abnormality detection element, indicating that the abnormal-
ity has been detected, indicates that the mput current or the
output current 1s an overcurrent which 1s equal to or higher
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than a predetermined current value. The current detection
clement may be provided, for example, inside or outside,

IPM.

In this configuration, the auxiliary protection circuit can
protect the control device against a typical overcurrent as the
abnormality in the abnormality detection region including
the power converter and the driving circuit.

According to a fifteenth aspect of the present invention,
there 1s provided an electric sealed compressor apparatus
comprising: the control device of the electric sealed com-
pressor as recited 1n any one of first to fourteenth aspects;
and the electric sealed compressor. In a conventional
example, to detect abnormal heat generation of windings
due to the overcurrent of the electric sealed compressor, an
clement which 1s capable of disconnecting the power supply,
depending on the temperature, such as thermostat or bimetal
1s mounted 1n the vicinity of the electric sealed compressor.
In the above configuration, the operation (running) due to
the overcurrent can be reliably stopped. Therefore, even
when the protective element such as the thermostat or
bimetal 1s not used, the abnormal heat generation of wind-
ings due to the overcurrent of the electric sealed compressor
can be prevented.

According to a sixteenth aspect of the present invention,
there 1s provided a home appliance comprising the electric
sealed compressor as recited in the fifteenth aspect. The
home appliance may be, for example, a freezer, a refrigera-
tor, an air conditioner, a vending machine, etc.

A control device of an electric sealed compressor of the
present embodiment includes a printed board on which
clements constituting a circuit for activating and controlling
the electric motor of the electric sealed compressor and a
reactor constituting an input section to the power converter,
are mounted on a main surface thereof, a container which 1s
mounted to the electric sealed compressor, accommodates
the printed board, and has an opening, and a lid mounted to
close the opening, and the tip end portion of the reactor may
be supported on the lid directly or via a member.

In this configuration, since the tip end portion of the
reactor 1s supported by the lid, the vibration of the reactor
can be suppressed as compared to a case where only the base
end portion of the reactor 1s fastened to the printed board. In
addition, by changing the state 1n which the tip end portion
of the reactor 1s supported by the lid, the resonant frequency
of the reactor can be adjusted. This allows the resonant
frequency of the reactor to fall outside the use frequency of
the compressor. As a result, even when the vibration 1s
transmitted from the electric sealed compressor, damages to
the joint portions between the reactor and the board can be
prevented.

The above stated member may be a spacer retained
between the tip end of the reactor and the lid.

The tip end portion of the reactor has anisotropy in the
thickness direction of the printed board. The surface of the
spacer which 1s closer to the reactor may be provided with
two or more convex portions such that the convex portions
surround the anisotropic tip end portion of the reactor and

are 1n contact with the side surfaces of the tip end portion of
the reactor.

In this configuration, when the spacer 1s going to be
rotated around the axis extending in the thickness direction
of the printed board, the two or more convex portions of the
spacer contact the anisotropic portion of the reactor and the
rotation of the spacer 1s inhibited. In this way, the rotation of
the spacer can be prevented.
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The spacer may be formed of the same resin as that of the
bobbin of the reactor. It 1s suflicient that the resin has an

insulativity. For example, the resin may be polyethylene
terephthalate (PET).

In this configuration, since the bobbin of the reactor and
the spacer are equal i1n expansion coeflicient, a strain
between these members due to a vibration can be lessened.
Therefore, the spacer 1s less likely to be disengaged from the
reactor, which improves reliability.

The control device of the electric sealed compressor may
be configured such that a protrusion 1s provided on the
reverse side of the lid, and the tip end portion of the reactor
1s directly supported on the protrusion.

Hereinafter, the control device of the electric sealed
compressor of the embodiment of the present invention will
be described with reference to the drawings. Hereinafter,
throughout the drawings, the same or corresponding com-
ponents are designated by the same reference numbers, and
will not be described repeatedly.

Embodiment 1

|Configuration]

FIG. 1 1s a circuit diagram showing the configuration of
a control device 100 of an electric sealed compressor
according to Embodiment 1 of the present invention.

As shown 1n FIG. 1, the control device 100 of the electric
sealed compressor includes an AC/DC converter section 2
connected to an AC power supply 1, a capacitor 3, an IPM
(1ntelligent power module) 4 having a selif-protection func-
tion, an IPM control power supply 16, an abnormality
detector 40, a controller 11, and an auxiliary (backup)
protection circuit 50.

The AC/DC converter section 2 1s configured to convert
AC power mput from the AC power supply 1 mto DC power
and outputs the DC power. In FIG. 1, reference symbol P and
reference symbol N indicate a high-potential wire and a
low-potential wire of the DC power, respectively. The
capacitor 3 smooths the voltage of the DC power output
from the AC/DC converter section 2.

The IPM control power supply 16 decreases the voltage of
the DC power output from the AC/DC converter section 2 to
a specified voltage, and supplies this voltage to a positive
power supply terminal VDD of the IPM via an emergency
shut-down circuit 12, as will be described later. The voltage
of the positive power supply terminal VDD 1s supplied as a
power supply voltage to particular elements including a
driving circuit 27 and the abnormality detector 40 within the
IPM4. The voltage output from the IPM control power
supply 16 1s supplied as a power supply voltage to the
controller 11 via the emergency shut-down circuit 12.

In the present embodiment, the IPM 4 includes a power
converter 30, the driving circuit 27 for driving the power
converter 30, and a part of the abnormality detector 40.

The power converter 30 supplies electric power to an
clectric motor S of an electric sealed compressor (designated
by reference symbol 23 1n FIG. 8). In the present embodi-
ment, the power converter 30 1s constituted by an inverter
which includes as the power modules, three IGBTs consti-
tuting an upper arm 6 and three IGBTs constituting a lower
arm 7. The power modules operate to supply the electric
power to the electric motor 5 of the electric sealed com-
pressor. Reference symbols U, V, and W 1n FIG. 1 mdicate
the phases of three-phase AC power supplied from the
power modules to the electric motor 5. The power modules
supply to the electric motor 5 the electric power controlled
by the controller 11, via the driving circuit 27. From thus, 1t
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may be said that the power modules activate the electric
motor 5. The power converter 30 may be constituted by a
power module which 1s other than the IGBTs. For example,
the power module may be a bipolar transistor, or a MOS-
FET. The number of phases of the electric motor 5 and the
number of phases of the power modules may be set as
desired.

The driving circuit 27 activates (drives) the power con-
verter 30. In the present embodiment, the driving circuit 27
activates the power converter 30 1 accordance with the
control signal of the controller 11. The control signal of the
controller 11 1s, for example, a PWM signal. The driving
circuit 27 amplifies the PWM signal to a level at which the
power converter 30 can be activated, and outputs the ampli-
fied signal.

The abnormality detector 40 detects abnormality 1n an
abnormality detection region for which any abnormality 1s to
be detected, including the power converter 30 and the
driving circuit 27. The abnormality detection region may
include the power converter 30, the driving circuit 27, and
other desired elements. In the present embodiment, the
abnormality detection region 1s, for example, IPM4. The
abnormality detector 40 includes an overcurrent detection
circuit 8 for detecting overcurrent, an overheat detection
circuit 9 for detecting overheat within the power module, a
control voltage abnormality detection circuit 10 for detect-
ing whether or not the voltage supplied to the positive power
supply terminal VDD of the IPM4 falls within an operation
range (allowable range), and others.

The overcurrent detection circuit 8 detects an overcurrent
of the power converter 30 based on the current value
detected by a current detection element 20 outside the IPM4.
The current detection element 20 detects a current input to
or output from the power converter 30. The overcurrent
detection circuit 8 generates a binary signal with one of two
levels, corresponding to whether or not the detected 1nput
current or output current 1s equal to or greater than a
predetermined current value, and outputs the binary signal,
thus detecting the overcurrent of the power converter 30.
Although 1n the example of FIG. 1, the current detection
clement 20 detects the current input to the power converter
30, 1t may detect the current output from the power converter
30. The current detection element 20 may include, for
example, CT (current transformer), a resistive element
inserted 1nto a path of the current input to or output from the
power converter 30, etc. In the present embodiment, the
current detection element 20 i1s constituted by a resistive
clement. The overcurrent detection circuit 8 detects the
voltage at both ends of this resistive element, thereby
detecting the current of the power converter 30 (in this
example, mnput current).

The overheat detection circuit 9 generates a binary signal
with one of two levels corresponding to whether or not the
temperature of the controller 100 1s equal to or higher than
a predetermined temperature, based on the value of the
temperature of the control device 100, which 1s detected by
a temperature detection element 9a, thus detecting the
overheat state of the control device 100.

The voltage abnormality detection circuit 10 detects the
voltage supplied to the positive power supply terminal VDD
of the IPM 4, by using the voltage detection element 10aq,
and generates a binary signal with one of two levels,
corresponding to whether or not the detected voltage 1s equal
to or higher than a predetermined voltage. In this way, the
voltage abnormality detection circuit 10 detects whether or
not the voltage supplied to the positive power supply ter-
minal VDD of the IPM 4 1s outside the operation range.

10

15

20

25

30

35

40

45

50

55

60

65

10

When any of the overcurrent detection circuit 8, the
overheat detection circuit 9, and the voltage abnorma.lty
detection circuit 10 detects abnormality, the abnormality
detector 40 outputs to the controller 11 an abnormality
detection signal (hereinaiter will also be referred to as Fo
signal) to shut-ofl the operation of the power converter
circuit 20. Specifically, for example, the abnormality detec-
tor 40 outputs as the abnormality detection signal the binary
signal output from the overcurrent detection circuit 8, the
overheat detection circuit 9, or the voltage abnormality
detection circuit 10.

The controller 11 1s configured to output to the driving
circuit 27 the control signal for driving the power converter
30, and stop the output of the control signal based on the
signal indicating that the abnormality has been detected,
from the abnormality detector 40. In the present embodi-
ment, the controller 11 1s, for example, a microcontroller
clectrically connected to the IPM4, which supplies the
control signal to desired elements of the IPM 4 including the
driving circuit 27. Note that the controller 11 may control
only the driving circuit 27, and other controllers may control
other elements.

The auxiliary protection circuit 30 1s configured to deac-
tivate (stop the operation of) the driving circuit 27 in
response to the signal (Fo signal) from the abnormality
detector 40, indicating that the abnormality has been
detected. The auxiliary protection circuit 50 includes a
signal holding circuit 13 which outputs an operation signal
which 1s a binary signal with a first level or a second level,
and the emergency shut-down circuit 12 which receives the
operation signal.

The signal holding circuit 13 1s configured to output the
operation signal with the second level (e.g., High level),
when the control device 100 of the electric sealed compres-
sor 1s started-up, to output the operation signal with the first
level (e.g., Low level) when the signal holding circuit 13
receives the signal from the abnormality detector 40, 1ndi-
cating that the abnormality has been detected, and to con-
tinue to output the operation signal with the first level, even
after the signal received from the abnormality detector 40
does not indicate that the abnormality has been detected, any
more. Specifically, in the present embodiment, the signal
holding circuit 13 1s configured as a flip tlop circuit 1n which
the Fo signal 1s input to a set terminal, a reset signal 1s input
to a reset terminal, and the signal output 1n the case where
the reset signal 1s input corresponds to the second level of
the operation signal, and the signal output in the case where
the Fo signal with the level indicating that the abnormality
has been detected corresponds to the first level of the
operation signal. Although 1n the example of FIG. 1, the flip
flop circuit 1s configured to include a NAND circuit, 1t may
be configured to include a logic circuit (e.g., OR circuit)
which 1s equivalent to the NAND circuit.

The Fo signal output from the IPM4 1s mput to the
controller 11 and to the tlip flop circuit 13. The reset signal
1s output from the controller 11 to the flip flop circuit 13.

The emergency shut-down circuit 12 1s configured to
deactivate (stop the operation of) the driving circuit 27 when
the operation signal 1s the first level, and to activate (enables
the driving circuit 27 to operate) the driving circuit 27 when
the operation signal 1s the second level. The emergency
shut-down circuit 12 may be configured as, for example, a
switching element. As the switching element, a bipolar
transistor, a MOS transistor, etc., are 1illustrated. In the
present embodiment, the emergency shut-down circuit 12 1s
a npn bipolar transistor (hereinafter will be simply referred
to as transistor) placed between the output terminal of the
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IPM control power supply 16 of the driving circuit 27 and
the positive power supply terminal VDD of the IPM 4. This
transistor 1s configured to be turned OFF to disconnect the
driving circuit 27 from the IPM control power supply 16
when the operation signal output from the signal holding
circuit 13 1s the first level, and to be turned ON to connect
the driving circuit 27 to the IPM control power supply 16
when the operation signal output from the signal holding
circuit 13 1s the second level.

| Operation]

Next, the operation of the control device 100 of the
clectric sealed compressor configured as described above
will be described.

First of all, a basic operation will be described. The
AC/DC converter section 2 converts the AC voltage sup-
plied from the AC power supply 1 into the DC voltage. The
capacitor 3 smooths the DC voltage. The smoothed DC
voltage 1s supplied at an unchanged voltage (e.g., 310V) to
the power modules of the power converter 30 built into the
IPM 4. Also, the IPM control power supply 16 decreases the
smoothed DC voltage to a specified voltage (e.g., 15V) and
supplies as the power supply voltage to the positive power
supply terminal VDD of the IPM 4 wvia the ftransistor
(herematter will be referred to as transistor 12) as the
emergency shut-down circuit 12.

In response to the control signal output from the controller
11, the IPM 4 turns ON the IGBT6 and the IGBT7 of the
power converter 30 at, for example, Active High via the
driving circuit 27, and turns OFF the IGBT6 and the IGBT7
of the power converter 30 at, for example, Active Low via
the driving circuit 27. By the basic operation, the AC power
controlled by the controller 11 1s output from the power
converter 30 and supplied to the electric motor 5 of the
clectric sealed compressor. In this way, the controller 11
performs inverter-control of the electric sealed compressor.

Next, the abnormality detection control performed by the
control device 100 of the electric sealed compressor, will be
described. When the abnormality detector 40 detects abnor-
mality which 1s any one of overcurrent detected by the
overcurrent detection circuit 8, overheat within the power
modules which 1s detected by the overheat detection circuit
9, and an event that the voltage supplied the IPM4 falls
outside the operation range, which 1s detected by the voltage
abnormality detection circuit 10, the IPM 4 turns OFF the
IGBT6 or the IGBT7, to protect the internal device. Fur-
thermore, the IPM 4 causes the abnormality detector 40 to
output the abnormality detection signal (Fo signal) to the
controller 11 and the signal holding circuit (flip flop circuit)
13. Now, this will be described specifically.

Upon detection of the abnormality detection signal (Fo
signal), the controller 11 immediately stops outputting of the
control signal to the IPM 4 (driving circuit 27 and the other
clements), thereby stopping the operation of the IPM4. This
1s the self-protection function.

However, 1n some occasions, due to abnormality in soft-
ware, or abnormality 1n the circuit(s), the controller 11 may
tail to perform a self-protection operation. Specifically, the
controller 11 fails to detect the Fo signal or fails to stop the
control signal. However, 1n the present embodiment, even 1n
such a case, the auxiliary protection circuit 50 deactivates
the driving circuit 27 1n response to the abnormality detec-
tion signal to stop the operation of the IPM 4 as an auxiliary
protection function.

Specifically, when the control device 100 1s started-up, the
tlip tlop circuit (heremnaiter will be referred to as flip tlop
circuit 13) as the signal holding circuit 13 outputs the
operation signal with the second level. In response to the
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operation signal, the transistor as the emergency shut-down
circuit 12 1s turned ON, the IPM control power supply 16 1s
connected to the driving circuit 27, and the driving circuit 27
operates so as to activate the power converter 30. When the
Fo signal with the level indicating that any one of the
overcurrent detection circuit 8, the overheat detection circuit
9, and the voltage abnormality detection circuit 10, has
detected the abnormality, 1s 1nput to the flip flop circuit 13,
the tlip flop circuit 13 outputs the operation signal with the
first level, and holds the first level until the reset signal 1s
input. This causes the transistor as the emergency shut-down
circuit 12 to be turned OFF, and the driving circuit 27 to be
disconnected from the IPM control power supply 16. In this
way, the operation of the power converter 30 1s stopped.
In addition to the above, supplying of the voltage to the
IPM 4 1s forcibly stopped. Since the operation of the IPM 4
can be stopped, the controller 11 1s placed in an abnormal
state. In this state, even when the control signal continues to

be mput to the elements which are other than the driving
circuit 27, the IPM 4 can be deactivated (operation of the
IPM4 1s stopped) safely, and thereby heat generation or
incorrect operation of the IPM 4 and the electric motor 5 can
be prevented.

When the reset signal from a restoration operation circuit
(not shown) mcluded 1n the controller 11 1s mput to the tlip
flop circuit 13, to terminate the protection operation of the
IPM 4, the flip tlop circuit 13 outputs the operation signal
with the second level, thereby causing the transistor 12 to be
turned ON again. Thus, supplying of the electric power to
the IPM 4 1s resumed, and the control device 100 shifts (1s
restored) to a normal state. As described above, since the
auxiliary protection circuit 50 includes the flip tlop circuit as
the signal holding circuit 13, and the controller 11 includes
the restoration operation circuit which 1s manually operated,
the control device 100 can be restored by the manual
operation, after it 1s confirmed that the abnormality has been
resolved.

As described above, i accordance with the present
embodiment, even when the abnormality occurs in the
controller 11 and thereby the controller 11 fails to perform
the seli-protection function in a state 1n which the signal
output from the abnormality detector 40 indicates that the
abnormality has been detected, the auxiliary protection
circuit 530 deactivates the driving circuit 27 (stops the
operation of the dniving circuit 27), when the signal output
from the abnormality detector 40 indicates that the abnor-
mality has been detected. As a result, the control device 100
can be protected reliably from the reliability, and thereby
heat generation or incorrect operation of the IPM 4 and the
clectric motor 5 can be prevented.

Especially, in the case of the abnormality detection region
including the power converter 30 and the driving circuit 27,
its absolute state does not continue all the time, but may
return to a normal state early, or the abnormal state and the
normal state occur repeatedly. In accordance with the above
described configuration, when the signal holding circuit 13
receives the signal indicating that the abnormality has been
detected, from the abnormality detector 40, 1t outputs the
operation signal with the first level and continues to output
the operation signal with the first level even in the state in
which the signal received from the abnormality detector 40
does not indicate that the abnormality has been detected, any
more. Therefore, the deactivated state (stopped state) of the
driving circuit 27 1s continued for a specified time period (in
this example, until the reset signal 1s mnput), wrrespective of
whether or not the abnormal state continues. This makes 1t
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possible to prevent a situation 1n which the dniving circuit 27
1s frequently deactivated (stopped) and activated repeatedly.

Embodiment 2

FIG. 2 1s a circuit diagram showing the configuration of

a control device of an electric sealed compressor according
to Embodiment 2 of the present invention.
In the present embodiment, the same components as those
of Embodiment 1 will not be described repeatedly, and only
the diflerences from the configuration of Embodiment 1 waill
be described.

As shown 1n FIG. 2, the control device 200 of the electric
sealed compressor of the present embodiment 1s different
from the control device of Embodiment 1 in that the control
device 200 includes a monostable multivibrator circuit 14 or
a timer circuit 15, as the signal holding circuit of the
auxiliary protection circuit 50, istead of the tlip tlop circuit
13. Since the monostable multivibrator circuit and the timer
circuit are well-known, specific configurations thereol will
not be described.

The signal holding circuit 14, 15 includes a resistor and
capacitor which are attached externally. The resistor and the
capacitor are connected 1n series between a positive power
supply terminal VCC and a ground. The signal holding
circuit 14, 13 detects the edge of the Fo signal input thereto,
by using a time constant of the resistor and the capacitor, and
generates a square wave pulse signal for a specified time
period (duration). The signal level of the square wave pulse
signal 1n a period when a square wave pulse does not exist
corresponds to the second level of the operation signal,
while the signal level of the square wave pulse signal 1 a
period when the square wave pulse exists corresponds to the
first level of the operation signal. When the control device
100 of the electric sealed compressor 1s started-up, the signal
holding circuit 14, 15 of the present embodiment outputs the
operation signal with the second level, while when the signal
holding circuit 14, 15 receives the Fo signal with the level
indicating that the abnormality has been detected, from the
abnormality detector 40, 1t outputs the operation signal with
the first level, and continues to output for a specified period
the operation signal with the first level even after the level
of the Fo signal does not indicate that the abnormality has
been detected, any more, and then automatically outputs the
operation signal with the second level.

As described above, 1n the present embodiment, since the
reset signal sent from the controller 11 to the signal holding
circuit may be omitted, simple and nexpensive circuit
configuration can be attained.

FIG. 3 1s a time chart of the signals in the control device
of the electric sealed compressor according to Embodiment
2 of the present invention. In the time chart of FIG. 3, the
wavelorm of the Fo signal, the waveform of a timer signal
(Rx/Cx) within the signal holding circuit 14, 15, the wave-
form of an output signal Q bar, and the waveform of a power
supply voltage V ,,,, supplied to the IPM, are shown 1n this
order from the upper side. As shown 1n FIG. 3, the Fo signal
output from the IPM 4 1s High level 1n a state in which no
abnormality 1s detected. In this state, the signal holding
circuit 14, 15 outputs the operation signal with High level
from the output Q bar. Upon detection of the abnormality,
the Fo signal becomes Low level. When the signal holding
circuit 14, 15 detects the falling edge of the Fo signal by
input A bar, 1t converts the operation signal with High level
which 1s output from the output Q bar into the operation
signal with Low level by using the duration of a time
constant Tw of the resistor and the capacitor attached
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externally, and outputs the operation signal with Low level
from the output QQ bar. In response to the operation signal

with Low level which 1s output from the output Q bar, the
transistor (emergency shut-down circuit) 12 1s turned OFF
for a period of Tw. For the period of Tw, the power supply
voltage V., supplied to the driving circuit 27 of the IPM 4
1s OV. This can stop the operation of the IPM 4 including the
driving circuit 27 for the specified period.

In this configuration, even 1f the controller 11 cannot stop
outputting the control signal, due to some abnormality of
soltware or abnormality 1n the circuit(s), the auxiliary pro-
tection circuit 50 can protect the control device 200 from the
abnormality. Besides, 1f the Fo signal of the IPM 4 1s
stopped, 1t becomes possible to automatically terminate
disconnection of the control power supply to the IPM 4. In
this way, the control device 200 can reliably shift to the
normal operation.

As described above, i accordance with the present
embodiment, even in the case where some abnormality
occurs 1n the controller 11 and thereby the controller 11 fails
to perform the self-protection function, 1n a state 1n which
the signal output from the abnormality detector 40 indicates
that the abnormality has been detected, the signal holding
circuit 14, 15 forms a state in which the power supply
voltage 1s not supplied to the driving circuit 27 for the
specified period. Therefore, the power converter 30 can be
deactivated safely, and thereby heat generation or incorrect
operation of the IPM 4 and the electric motor 5 can be
prevented.

In addition, the signal holding circuit 14, 15 can make it
possible to prevent the driving circuit 27 from being ire-
quently deactivated and activated repeatedly.

Embodiment 3

FIG. 4 1s a circuit diagram showing the configuration of
a control device of an electric sealed compressor according
to Embodiment 3 of the present invention. FIG. 5 1s a time
chart of signals in the control device of the electric sealed
compressor according to Embodiment 3 of the present
ivention.

As shown 1n FIG. 4, the control device 300 of the electric
sealed compressor of the present embodiment 1s different
from the control device of Embodiment 1 and the control
device of Embodiment 2 in that the IPM control power
supply 16 includes external resistors 17a and 175 which are
connected 1n series and 1s capable of varying the output
voltage at a voltage division of the external resistors 174 and
175. Hereinafter, the same components as those of Embodi-
ment 1 and Embodiment 2 will not be described repeatedly,
and only the differences from the configuration of Embodi-
ment 1 and Embodiment 2 will be described.

In the present embodiment, the IPM control power supply
16 1s an IPD (intelligent power device) which supplies a
power supply voltage to the positive power supply terminal
VDD of the IPM4 and to the controller 11.

The collector terminal of the transistor 12 1s connected to
a parallel resistor 18 of the external resistor 175 of the IPM
control power supply 16. In the present embodiment, the
transistor 12 and the parallel resistor 18 constitute an emer-
gency shut-down circuit. The IPM control power supply 16
1s configured to output a steady operation voltage (e.g., 15V)
generated by voltage division based on the ratio between the
resistance value of the external resistor 17a and a compo-
sition resistance value of the external resistor 176 and the
parallel resistor 18, during a normal state. On the other hand,
when abnormality occurs in the IPM4 and the Fo signal of
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the IPM4 1s input to the signal holding circuit 14, 135, the
square wave pulse signal of the duration of Tw 1s output

from the signal holding circuit 14, 15 to the transistor 12,
which 1s thereby turned OFF. Thereby, a path on which the
parallel resistor 18 i1s provided i1s disconnected, and the
output voltage of the IPM control power supply 16 changes
by the voltage division of the ratio between the external
resistors 17a and 175 and 1s decreased to a voltage which 1s
equal to or lower than a voltage (e.g., 9V) which allows the
control voltage abnormality protection operation of the
IPM4 to work (see FIG. 5). Thus, the operation of the IPM
can be stopped safely.

When the operation signal 1s the first level, the emergency
shut-down circuit (transistor 12 and parallel resistor 18) can
stop the IPM4 (including driving circuit 27), by merely
decreasing the output voltage (power supply voltage of the
driving circuit 27, and the like) of the IPM control power
supply 16 to a voltage which 1s equal to or lower than a
specified voltage (9V). Theretfore, in this configuration, the
voltage applied to the IPM4 1n the restoration of the control
device 300 can be made higher more quickly and hence the
control device 300 can be restored more quickly, than 1n a
case where the voltage applied to the IPM4 1s decreased to
OV.

Furthermore, 1n the present embodiment, a minute current
flows through the transistor 12 and the magnitude of this
current 1s much smaller than that of the allowable current of
the transistor 12 used in Embodiment 1 and Embodiment 2.
As aresult, the transistor 12 can be reduced 1n size and cost.

As described above, 1n accordance with the present
embodiment, even when abnormality occurs 1n the control-
ler 11 and the controller 11 fails to perform the seli-
protection function, 1n a state in which the signal output
from the abnormality detector 40 indicates that the abnor-
mality has been detected, the power supply voltage supplied
to the driving circuit 27 can be decreased to a voltage which
1s equal to or lower than the voltage at which the driving
circuit 27 stops activation due to voltage in suiliciency.
Therefore, the power converter 30 can be stopped safely.

In the present embodiment, as the signal holding circuit,
the monostable multivibrator circuit 14 or the timer circuit
1s used. Of course, the auxiliary protection circuit 50 may be
implemented using the flip flop circuit 13 described 1n
Embodiment 1.

Embodiment 4

FIG. 6 1s a circuit diagram showing the configuration of
a control device of an electric sealed compressor according
to Embodiment 4 of the present invention. As shown in FIG.
6, the control device 400 of the electric sealed compressor
of the present embodiment 1s different from the control
device of Embodiment 2 in that the output terminals of the
control signals of the controller 11 are connected to the
driving circuit 27 within the IPM via the AND circuit 19, and
the output of the emergency shut-down circuit 12 1s iput to
one of a pair of mput terminals of the AND circuit 19. In the
present embodiment, the same components as those of the
above described embodiments will not be described repeat-
edly, and only the differences from the configuration of
Embodiment 2 will be described.

In the present embodiment, as shown in FIG. 6, the pair
of input terminals of the AND circuit 19 are connected to the
output terminals through which the control signals of the
controller 11 are supplied to the driving circuit 27, and the
collector terminal of the transistor 12 as the emergency
shut-down circuit. The AND circuit 19 1s configured to
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output the logical AND of input values to the driving circuit
27 within the IPM 4. The AND circuit 19 may be configured

as a NOR circuit. The collector terminal of the transistor 12
1s connected to the positive power supply VCC wvia a
resistive element, while the emitter terminal of the transistor
12 1s electrically grounded.

In this configuration, the signal holding circuit 14, 15
outputs a square wave pulse signal of a specified duration to
the transistor 12, 1in response to the Fo signal output from the
IPM4. When the transistor 12 1s turned ON, the collector
terminal of the transistor 12 becomes Low level (0V).
Theretfore, the Low-level signal 1s input to the AND circuit
19. By the logical AND, the Low-level signal 1s input to the
IGBT of the upper arm 6. This allows the operation of the
power converter 30 to be forcibly stopped.

As described above, i accordance with the present
embodiment, even when abnormality occurs 1n the control-
ler 11 and the controller 11 fails to perform the seli-
protection function, 1n a state in which the signal output
from the abnormality detector 40 indicates that the abnor-
mality has been detected, the control signal 1s not supplied
to the driving circuit 27 within the IPM 4 for the specified
pertod. Therefore, the power converter 30 can be safely
deactivated, and thereby heat generation or incorrect opera-
tion of the sealed compressor can be prevented.

Embodiment 5

FIG. 7 1s a circuit diagram showing the configuration of
a control device of an electric sealed compressor according
to Embodiment 5 of the present invention.

As shown 1n FIG. 7, the control device 500 of the electric
sealed compressor 1s different from the control devices of the
above embodiments in that the control device 500 includes
an emergency shut-down circuit (not shown) within the
IPM4, which 1s configured to disconnect a supply path of
clectric power to the drniving circuit 27 to deactivate the
driving circuit 27, and an amplification circuit 21 outside the
IPM, to amplily the detection signal of the current detection
clement 20 for detecting overcurrent.

As shown 1 FIG. 7, the IPM4 has an overcurrent pro-
tection function in which 1t monitors the voltage of the
current detection element 20, detects the overcurrent, and
deactivates the driving circuit 27, and 1t forcibly shuts down
the IGBT of the upper arm 6, or the IGBT of the lower arm
7.

The voltage of the current detection element 20 1s inverted
and amplified by an 1nversion/amplification circuit 21 using
an operational amplifier, and then 1nput to the signal holding
circuit 14, 15. The signal output from the signal holding
circuit 14, 15 1s supplied to the emergency shut-down circuit
(not shown) within the IPM4 through the mmput terminal of
the IPM4. This emergency shut-down circuit 1s configured
as 1n, for example, the transistor 12 of Embodiment 2 (FIG.
2). The collector terminal of the transistor in the emergency
shut-down circuit 1s connected to the positive power supply
terminal VDD of the IPM4, while the emitter terminal of the
transistor 1s connected to the positive power supply terminal
of the driving circuit 27. The base of the transistor 1n the
emergency shut-down circuit 1s connected to the shut-down
(SD) terminal of the IPM4.

In accordance with this configuration, when the overcur-
rent flows through the current detection element 20, the level
of the detection signal (voltage at both ends) of the current
detection element 20 rises rapidly, and this detection signal
1s mverted and amplified by the nversion/amplification
circuit 21 such that the level {falls rapidly. The resulting
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detection signal 1s 1iput to the signal holding circuit 14, 15.
Thereupon, as described in Embodiment 2, the signal hold-

ing circuit 14, 15 detects the falling edge of the detection
signal by the mput A bar, converts the operation signal with
High level which is output from the output QQ bar into the
operation signal with Low level by using the duration of the
time constant Tw of the resistor and the capacitor attached
externally, 1.e., square wave pulse signal for the specified
duration, and outputs the square wave pulse signal from the
output Qbar. The square wave pulse signal for the specified
duration 1s input to the shut-down (SD) terminal of the
IPM4. Thereby, the transistor of the emergency shut-down
circuit 1s turned OFF, and the driving circuit 27 1s deacti-
vated. This causes the IPM4 to be forcibly deactivated
(stopped).

In accordance with the present embodiment, the control
device 500 includes the current detection element 20 for
detecting the current of the IPM and the amplifier, outside
the IPM. Thereby, even when abnormality occurs in the
controller 11 and the controller 11 fails to perform the
self-protection function, in a state in which the signal output
from the abnormality detector 40 indicates that the abnor-
mality has been detected, the current detection element 20
located outside detects the abnormality, and the signal
holding circuit 14, 15 operates. Therefore, even when the
controller 11 fails to perform the seli-protection function,
due to the abnormality, the protection operation can be
continued more reliably, and the control device 500 can be
restored to the normal operation. In addition, the input
circuit of the signal holding circuit 14, 15 can be simplified.

Although 1n Embodiment 2 to Embodiment 5 described
above, as the signal holding circuit, the monostable multi-
vibrator circuit 14 or the timer circuit 15 1s used, the tlip tlop
circuit 13 described 1n Embodiment 1 may be used.

Embodiment 6

FIG. 8 1s a view showing the configuration of a refrig-
erator including an electric sealed compressor apparatus
according to Embodiment 6 of the present invention. As
shown 1n FIG. 8, a refrigerator 24 includes an electric sealed
compressor apparatus 26. The electric sealed compressor
apparatus 26 includes the control device 100 of the electric
sealed compressor of Embodiment 1 and the electric sealed
compressor 23. The control device 100 of the electric sealed
compressor 1s mounted on a printed board 22. The printed
board 22 1s connected to the electric sealed compressor 23
via a compressor electric wire 25. Alternatively, for
example, the control device and the like of the electric sealed
compressor according to Embodiment 2 to Embodiment 3,
may be mounted on the printed board 22.

In general, to detect abnormal heat generation of windings
due to the overcurrent of the electric sealed compressor 23,
an element which 1s capable of disconnecting the power
supply depending on the temperature, such as thermostat or
bimetal 1s mounted 1n the vicinity of the electric sealed
compressor 23. By applying an inverter board 22 1ncorpo-
rating the control device of the electric sealed compressor
according to Embodiment 1 to Embodiment 3, the operation
in the overcurrent state can be reliably stopped. Therefore,
even when the protective element such as the thermostat or
bimetal 1s not used, the abnormal heat generation of wind-
ings of the electric sealed compressor 23 can be prevented.

In the present embodiment, since only the DC power
supply 1s disconnected when the abnormality 1s detected, the
clectric sealed compressor 23 can be reliably deactivated
even when the controller fails to operate correctly. Also, 1n
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the shut-down due to abnormality, all of the components
including the controller are not shut-down but only the board

can be reliably deactivated. Therefore, 1t 1s not necessary to
forcibly reset information 1n the controller, and the board can
be deactivated while keeping the information.

Although 1n the present embodiment, the refrigerator 1s
described as the home appliance including the electric sealed
compressor, the home appliance may be, for example, a
freezer, an air conditioner, a vending machine, etc.

Embodiment 7

In Embodiment 7 of the present invention, the control
device of the electric sealed compressor having a vibration
suppression (vibration damping) structure will be described.
Now, the vibration suppression (vibration damping) struc-
ture will be described.

Initially, the control device of the electric sealed com-
pressor as a comparative example of Embodiment 7 will be
described. Conventionally, with progresses of power elec-
tronics, cooling systems have been incorporating inverter
compressors. For example, the inverter compressor which 1s
capable of changing its rotational speed has been used 1n the
refrigerator, the air conditioner, and others via the control
device, for the purpose of energy saving. This greatly
contributes to energy saving ol equipment. As the control
device of such a compressor, a control device of the com-
pressor which 1s externally mounted to the compressor has
been proposed.

FIG. 13 1s an exploded perspective view of a control
device of the compressor of the comparative example,
disclosed 1n Japanese Laid-Open Patent Application Publi-
cation No. 2008-215235. As shown 1n FIG. 13, the control
device 910 of the compressor 1s configured such that an
clectric motor (not shown) and a compressor (not shown) are
stored 1n a lower storage room 911a of a housing 911, an
inverter board (control board) 912 1s stored 1 an upper
storage room 9115 of the housing 911 which has an opening
which 1s open upward, and a cover 917 covers the opening
of the upper storage room 9115.

The inverter board 912 includes a capacitor 913 and a
reactor 914 which are configured to smooth the DC voltage
input to the iverter board 912, a control circuit board 915
configured to control application of a high-voltage AC
current to the electric motor, and a power board 916 con-
figured to convert a DC current supplied from a high-voltage
power supply mnto an AC current and apply the AC current
to the electric motor to rotate the electric motor.

However, in the configuration of the comparative
example, when the control device 910 of the compressor
operates, the high voltage supplied from the high-voltage
power supply of the mverter board 912 1s applied to the
clectric motor (not shown) of the compressor (not shown) of
the lower storage room 911a, and thereby the electric motor
(not shown) 1s rotated.

The configuration of the comparative example has a
problem that 1n the above operation, a joint portion such as
the reactor 1s disconnected, due to a vibration or a heat
change caused by rotation of the electric motor (not shown)
of the compressor (not shown), which occurs repeatedly.

In view of the above, the present embodiment has an
objective that the control device of the compressor which
prevents the disconnection of the reactor, in an environment
in which the control device 1s subjected to a vibration, can
be assembled easily, and 1s mexpensive.

The control device of the electric sealed compressor of the
present embodiment includes a printed board on which
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clements constituting a circuit for activating and controlling
the electric motor of the electric sealed compressor and the
reactor constituting an input section to the power converter,
are mounted, a container which 1s mounted to the electric
sealed compressor, accommodates the printed board, and
has an opening, and a lid mounted to close the opening, and
the tip end portion of the reactor 1s supported on the lid
directly or via a member.

Hereinafter, this will be described specifically with ref-
erence to the drawings. FIG. 9 1s an exploded perspective
view of the control device of the electric sealed compressor
according to Embodiment 7 of the present invention.

As shown 1n FIG. 9, the control device 101 of the electric
sealed compressor (hereinafter will be simply referred to as
compressor) mcludes a printed board 109 1n which a semi-
conductor element 105 (not shown) constituting the power
converter for activating the compressor 103 and a reactor
107 constituting a power supply mput section to the power
converter, are mounted, a storage box 113 which stores the
printed board 109 and has mounting members (not shown)
directly mounted to the compressor 103, and a Iid 117
mounted to the opening of the storage box 113 by four
screws 115 such that the Iid 117 closes the opeming. The lid
117 1s formed of, for example, metal with a high heat
conductivity. The reactor 107 is fastened to the main surface

of the printed board 109 such that the reactor 107 extends
from a base end to a tip end in the thickness direction of the
printed board 109.

The control device 101 of the compressor 1s mounted to
a bracket 119 welded to the outer side of the compressor 103
via the mounting members (not shown). An overload pro-
tector 121 connected to the conftrol device 101 of the
compressor via a wire and a cluster connection element 123
for supplying electric power to the electric motor of the
compressor 103 are attached to the iner side of the bracket
119.

FIG. 10 1s a cross-sectional view of an assembly of the
control device of the electric sealed compressor of FIG. 9,
taken 1n the direction of arrows A of FIG. 9. As shown in
FIG. 10, the printed board 109 on which the reactor 107 1s
mounted 1s placed in the bottom portion of the storage box
113, and the printed board 109 1s supported on the inner
surface (bottom surface) of the storage box 113 which 1s on
an opposite side of the opening, by elastic rubber bushes
125.

A spacer 127 1s placed on the tip end of the reactor 107
on the printed board 109. The spacer 127 1s retained between
the upper surface of the reactor 107 and the Iid 117 closing,
the opening of the storage box 113 such that the spacer 127
and the reactor 107 serve as supports between the printed
board 109 and the lid 119. The upper surface of the spacer
127 1s 1n surface contact with the lid 117 via an adhesive
(bonding agent).

This allows the reactor 107 on which the spacer 127 1s
mounted on the tip end surface thereof to be fastened to the
lid 117 of the storage box 113 by the adhesive (bonding
agent). Thereby, a pressing force having an elastic force 1s
generated from the side of the Iid 117 of the storage box 113
to the reactor 107 via the spacer 127. In other words, the
upper end portion (tip end portion) of the reactor 107 1s
supported on the lid member 117 via the spacer 127. The
printed board 109 1s compressively supported on the bottom
surface of the storage box 113.

Next, the operation of the control device 101 of the
compressor configured as described above will now be

described.
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When the control device 101 of the compressor 1nitiates
its operation, the electric power for rotating the electric

motor mside the compressor 103 1s supplied to the com-
pressor 103. Thereby, the compressor 103 1s run and rotates,
thereby generating a vibration. This vibration 1s transierred
to the storage box 113, the printed board 109, the reactor 107
on the printed board 109, and a heat radiation plate 129 via
the bracket 119.

The reactor 107 on the printed board 109 1s applied with
the pressing force from the storage box 113 via the spacer
127 on the reactor 107. This portion vibrates synchronously
with the storage box 113, the lid 117 of the storage box 113,
and the printed board 109.

Thereby, the stress applied to the coil joint portion of the
reactor 107 1s mitigated, and the resonant frequency of the
reactor 107 1s allowed to fall into a use frequency range. This
makes 1t possible to prevent disconnection of the coil joint
portion of the reactor 107.

As described above, i the present embodiment, the
control device 101 of the electric sealed compressor includes
the printed board 109 on which the semiconductor element
105 (not shown) constituting the power converter for acti-
vating the compressor 103 and the reactor 107 constituting
the mput section to the power converter, are mounted, the
storage box 113 which stores the printed board 109, has an
opening on at least one surface, and has a structure mounted
to the compressor 103, and the lid 117 mounted so as to close
the opening of the storage box 113, and further includes the
spacer 127 on the reactor 107 on the printed board 109. The
reactor 107 1s fastened by the lid 117 of the case via the
spacer 127. In this configuration, the stress applied to the
coil portion of the reactor 107 1s mitigated, and the resonant
frequency of the reactor 107 1s allowed to fall into the use
frequency range. This makes 1t possible to provide the
highly reliable control device 101 of the compressor which
can prevent disconnection of the coil of the reactor 107.

Embodiment 8

FIG. 11 1s a perspective view of the rector to which the
spacer 1s mounted, 1n the control device of the electric sealed
compressor according to Embodiment 8 of the present
invention. As shown 1n FIG. 11, the spacer 127 has two or
more convex portions 131 on the bottom surface thereof
such that the convex portions 131 surround the upper portion
(tip end portion) of the reactor 107 i1n contact with the
reactor 107.

More specifically, the tip end portion of the reactor 107
has anisotropy when viewed from the thickness direction of
the printed board 109. The term “anisotropy” means that the
distance from the center of a graphic to its outer periphery
1s different according to the direction. The graphics which
are other than a circle have anisotropy. The tip end portion
of the reactor 107 has a rectangular shape when viewed from
the thickness direction of the printed board 109 and there-
fore has anisotropy. The corner portion of the rectangular
shape corresponds to a portion having anisotropy. The four
convex portions 131 are provided on the bottom surface of
the spacer 127 such that the convex portions 131 are in
contact with the side surfaces of the tip end portion of the
reactor 107 and surround the corner portions. In this con-
figuration, when the spacer 127 1s going to be rotated around
the axis extending in the thickness direction of the printed
board 109, the four convex portions 131 of the spacer 127
contact the amisotropic portions of the reactor 107 and the
rotation of the spacer 127 1s inhibited. In this way, the
rotation of the spacer 127 can be prevented. In view of this,
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the tip end portion of the reactor 107 may have a shape
which 1s other than a circle, when viewed from the thickness
direction of the printed board 109. The spacer 127 may be
provided with two or more convex portions 131 which
surround the anisotropic portions of the tip end portion of the
reactor 107 in contact with the side surfaces of the tip end
portion of the reactor 107.

As described above, 1n this example, the tip end portion
of the reactor 107 has the rectangular shape when viewed
from the thickness direction of the printed board 109, and
the four convex portions 131 of the spacer 127 surround the
corner portions of the tip end portion of the reactor 107 1n
contact with the side surfaces of the tip end portion of the
reactor 107. In this structure, the bobbins of the reactor 107
contact the convex portions 131 of the spacer 127 and serve
as the rotation prevention member during horizontal move-
ment. In the case of movement in a rotational direction, the
core of the reactor 107 and the coil bobbin serve as the
rotational prevention member.

In the above configuration, the spacer 1s not moved easily
in a horizontal direction and a rotational direction. There-
fore, under the condition of application of a wvibration,
damages to the joint portion of the reactor and the board can
be prevented.

In the present embodiment, the spacer 127 1s formed of
the same resin as that of the bobbin of the reactor 107. Since
the bobbin of the reactor and the spacer are equal in
expansion coetlicient, a strain between these members due to
a vibration can be lessened. Theretfore, the spacer 1s less
likely to be disengaged from the reactor, which improves
reliability. It 1s suflicient that the resin has an insulativity.
For example, the resin may be polyethylene terephthalate
(PET).

Now, the operation of the control device 101 of the
compressor configured as described above will be described.

The same operation as that of Embodiment 1 will not be
described repeatedly.

When the control device 101 of the compressor initiates
the operation, the compressor 103 operates, and generates a
vibration by the rotation. This vibration 1s transierred to the
storage box 13, the printed board 109, the reactor 107 on the
printed board 109, and the heat radiation plate 129, via the
bracket 119.

The reactor 107 on the printed board 109 1s applied with
the pressing force from the lid 117 of the storage box 113 via
the spacer 127 on the reactor 107. This portion vibrates
synchronously with the storage box 113, the lid 117 of the
storage box 113, and the printed board 109.

At this time, the spacer 127 on the reactor 107 1s reliably
mounted to the reactor 107, without being easily disengaged
from the reactor 107. This 1s because, the spacer 127 1is
provided with the convex portions so that the bobbins of the
reactor 107 contact the convex portions of the spacer 127
and become the rotation prevention member 131 during
horizontal movement, and the core of the reactor 107 and the
coil bobbins become the rotation prevention member 131
during rotational movement.

This allows the printed board 109, the reactor 107, the
spacer 127, and the lid 117 of the storage box 113 to be
vibrated synchronously. Thereby, the stress applied to the
coil joint portion of the reactor 107 1s mitigated, and the
resonant frequency of the reactor 107 1s allowed to fall into
a use frequency range. This makes 1t possible to prevent
disconnection of the coil joint portion of the reactor 107.

As described above, 1n the present embodiment, the
spacer 127 1s configured such that the reactor 107 serves as
the rotation prevention member 131. This allows the spacer
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127 to be reliably mounted to the reactor 107, without being,
casily disengaged from the reactor 107. Therefore, the
spacer 127 1s not easily moved 1n the horizontal direction or
in the rotational direction. As a result, it becomes possible to
provide the control device 101 of the compressor which 1s
highly reliable, under the conditions of application of a
vibration.

Embodiment 9

FIG. 12 1s a cross-sectional view showing an assembly of
a control device of an electric sealed compressor according
to Embodiment 9 of the present invention. As shown in FIG.
12, a control device 201 of an electric sealed compressor 1s
configured such that a protrusion 218 1s provided on the
reverse side of a lid 217, and the tip end portion of the
reactor 1s directly supported on the protrusion 218. In this
configuration, the same advantages as those of the above
embodiments can be achieved.

As described above, 1n the control device of the compres-
sor according to Embodiment 7 to Embodiment 9 as
described above, since the reactor of the printed board is
structurally secured, the stress applied to the coil joint
portion of the reactor 1s mitigated, and the resonant fre-
quency ol the reactor 1s allowed to fall into a use frequency
range, even when the control device 1s installed 1n a place
where a vibration 1s applied. As a result, 1t becomes possible
to provide the highly reliable control device of the compres-
sor which prevents the disconnection of the coil of the
reactor. Therefore, the control device 1s applicable to the
control device of the compressor which 1s mcorporated nto
the refrigerator, the air conditioner, etc.

Numerous improvements and alternative embodiments of
the invention will be apparent to those skilled in the art in
view of the foregoing description. Accordingly, the descrip-
tion 1s to be construed as 1llustrative only, and 1s provided for
the purpose of teaching those skilled 1n the art the best mode
of carrying out the invention. The details of the structure
and/or function may be varied substantially without depart-
ing from the spirit of the mvention.

INDUSTRIAL APPLICABILITY

A control device of an electric sealed compressor of the
present 1vention 1s applicable to all control devices of
clectric sealed compressors incorporating IPM (intelligent
power module) which has a self-protection function and
outputs an abnormality signal (Fo signal) for deactivating a
power converter during a self-protection operation, or com-
pressors and home appliances including the control devices.

REFERENCE SIGNS LIST

1 AC power supply

2 AC/DC converter section

3 capacitor

4 IPM

5 electric motor

6 upper arm IGB1

7 lower arm IGBT

8 overcurrent detection circuit

9 overheat detection circuit

9a temperature detection element

10 voltage abnormality detection circuit
10a voltage detection element

11 controller (microcontroller)

12 transistor (emergency shut-down circuit)
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13 tlip tlop circuit

14 monostable multivibrator circuit

15 timer circuit

16 IPM control power supply

17a, 1756 external resistor

18 parallel resistor

19 AND circuit

20 current detection element

21 amplification circuit

22 inverter board

23 electric sealed compressor

24 reirigerator

25 compressor electric wire

26 clectric sealed compressor

27 driving circuit

30 power converter

40 abnormality detector

50 auxiliary (backup) protection circuit
100, 101 control device of electric sealed compressor

103 electric sealed compressor

105 semiconductor element

107 reactor

109 printed board

113 storage box

117 Iid

127 spacer

131 rotation prevention member (convex portion)

The 1nvention claimed 1s:

1. A control device of an electric sealed compressor

comprising;

an telligent power module including a power converter
which supplies electric power to an electric motor of
the electric sealed compressor; a driving circuit which
drives the power converter; and an abnormality detec-
tion element which detects abnormality 1n an abnor-
mality detection region including the power converter
and the driving circuit;

a controller configured to output a control signal for
driving the power converter to the driving circuit and
stop outputting the control signal 1n response to a signal
output from the abnormality detection element, the
signal 1ndicating that the abnormality has been
detected; and

an auxiliary protection circuit configured to deactivate the
driving circuit in response to the signal output from the
abnormality detection element, the signal indicating
that the abnormality has been detected,

wherein the auxiliary protection circuit includes a signal
holding circuit which outputs an operation signal which
1s a binary signal with a first level or a second level; and
an emergency shut-down circuit which receives the
operation signal as an nput,

wherein the signal holding circuit 1s configured to output
the operation signal with the second level when the
control device of the electric sealed compressor 1s
started-up, to output the operation signal with the first
level when the signal holding circuit receives the signal
output from the abnormality detection element, the
signal 1ndicating that the abnormality has been
detected, and to continue to output the operation signal
with the first level after a state 1s formed, 1n which the
signal output from the abnormality detection element
does not indicate that the abnormality has been
detected, and

wherein the emergency shut-down circuit 1s configured to
set a power supply voltage of the driving circuit to a
voltage which 1s equal to or lower than a specified
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voltage at which the driving circuit 1s deactivated due
to voltage isutliciency, to deactivate the driving cir-
cuit, when the operation signal 1s the first level, and to
set the power supply voltage of the dniving circuit to a
voltage which 1s higher than the specified voltage, to
cause the driving circuit to be activated, when the
operation signal 1s the second level.

2. The control device of the electric sealed compressor

according to claim 1, further comprising:

an abnormality detector which converts the signal output
from the abnormality detection element 1into an abnor-
mality detection signal which 1s a binary signal with
one of two levels corresponding to whether or not the
signal indicates that the abnormality has been detected
and outputs the abnormality detection signal to the
controller:;

wherein the controller 1s configured to stop outputting the
control signal 1n response to the abnormality detection
signal received from the abnormality detector, when the
abnormality detection signal has the level indicating

that the abnormality has been detected.
3. The control device of the electric sealed compressor

according to claim 2, further comprising:

an amplifier which amplifies the signal output from the
abnormality detection element;

wherein the auxiliary protection circuit 1s configured to
deactivate the driving circuit when a level of a signal
output from the amplifier falls within a predetermined
level range indicating that the abnormality detection
clement has detected the abnormality.

4. The control device of the electric sealed compressor

according to claim 2,

wherein the abnormality detector 1s configured to output
the abnormality detection signal to the auxiliary pro-
tection circuit; and

wherein the auxiliary protection circuit 1s configured to
deactivate the driving circuit 1n response to the abnor-
mality detection signal received from the abnormality
detector, when the abnormality detection signal has the
level indicating that the abnormality has been detected.

5. The control device of the electric sealed compressor

according to claim 1,

wherein the signal holding circuit 1s configured to auto-
matically output the operation signal with the second

level when a predetermined time passes after the signal

holding circuit outputs the operation signal with the

first level.

6. The control device of the electric sealed compressor

according to claim 5,

wherein the signal holding circuit includes a monostable
multivibrator circuit which 1s configured to operate in
response to as a trigger the signal received from the
abnormality detection element, indicating that the
abnormality has been detected, and 1s configured such
that a signal output 1n a stable state corresponds to the
second level of the operation signal and a signal output
in an unstable state corresponds to the first level of the
operation signal.

7. The control device of the electric sealed compressor

according to claim 5,

wherein the signal holding circuit includes a timer circuit
which 1s configured to operate for a set time 1n response
to as a trigger the signal received from the abnormality
detection element, indicating that the abnormality has
been detected, and 1s configured such that a signal in a
non-operating state corresponds to the second level of
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the operation signal and a signal 1n an operating state
corresponds to the first level of the operation signal.

8. The control device of the electric sealed compressor
according to claim 1,

wherein the signal holding circuit 1s configured to output
the operation signal with the second level 1n response
to a reset signal 1nput to the signal holding circuit, after
the signal holding circuit outputs the operation signal
with the first level.

9. The control device of the electric sealed compressor

according to claim 8,

wherein the signal holding circuit includes a tlip flop
circuit configured such that the signal output from the
abnormality detection element 1s 1nput to a set terminal,
the reset signal 1s input to a reset terminal, a signal
output 1n response to the reset signal corresponds to the
second level of the operation signal, and a signal output
in response to the signal received from the abnormality
detection element, indicating that the abnormality has
been detected, corresponds to the first level of the
operation signal.

10. The control device of the electric sealed compressor
according to claim 1, wherein the abnormality detection
clement 1s a current detection element which detects an input
current or an output current of the power converter, and the
signal output from the abnormality detection element, 1ndi-
cating that the abnormality has been detected, indicates that
the 1nput current or the output current 1s overcurrent which
1s equal to or higher than a predetermined current value.

11. An electric sealed compressor apparatus comprising:

the control device of the electric sealed compressor as
recited 1n claim 1; and

an electric sealed compressor.

12. A home appliance comprising the electric sealed
compressor apparatus as recited i claim 11.

13. A control device of an electric sealed compressor,
comprising;

an telligent power module including a power converter
which supplies electric power to an electric motor of
the electric sealed compressor; a driving circuit which
drives the power converter; and an abnormality detec-
tion element which detects abnormality in an abnor-
mality detection region including the power converter
and the driving circuit;

a controller configured to output a control signal for
driving the power converter to the driving circuit and
stop outputting the control signal 1n response to a signal
output from the abnormality detection element, the
signal 1ndicating that the abnormality has been
detected; and

an auxiliary protection circuit configured to deactivate the
driving circuit in response to the signal output from the
abnormality detection element, the signal indicating
that the abnormality has been detected,

wherein the auxiliary protection circuit includes a signal
holding circuit which outputs an operation signal which
1s a binary signal with a first level or a second level;

and an emergency shut-down circuit which receives the
operation signal as an nput,

wherein the signal holding circuit 1s configured to output
the operation signal with the second level when the
control device of the electric sealed compressor is
started-up, to output the operation signal with the first
level when the signal holding circuit receives the signal
output from the abnormality detection element, the
signal 1ndicating that the abnormality has been
detected, and to continue to output the operation signal
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with the first level after a state 1s formed, in which the
signal output from the abnormality detection element
does not indicate that the abnormality has been
detected,

wherein the emergency shut-down circuit 1s configured to

disconnect the driving circuit from a power supply, to
deactivate the driving circuit, when the operation signal
1s the first level, and to connect the driving circuit to the
power supply to cause the driving circuit to be acti-
vated, when the operation signal 1s the second level.

14. The control device of the electric sealed compressor
according to claim 13,

wherein the signal holding circuit 1s configured to auto-

matically output the operation signal with the second
level when a predetermined time passes after the signal
holding circuit outputs the operation signal with the
first level.

15. The control device of the electric sealed compressor
according to claim 14,

wherein the signal holding circuit includes a monostable

multivibrator circuit which 1s configured to operate in
response to as a trigger the signal received from the
abnormality detection element, indicating that the
abnormality has been detected, and 1s configured such
that a signal output 1n a stable state corresponds to the
second level of the operation signal and a signal output
in an unstable state corresponds to the first level of the
operation signal.

16. The control device of the electric sealed compressor
according to claim 14,

wherein the signal holding circuit includes a timer circuit

which 1s configured to operate for a set time 1n response
to as a trigger the signal received from the abnormality
detection element, indicating that the abnormality has
been detected, and 1s configured such that a signal in a
non-operating state corresponds to the second level of
the operation signal and a signal 1n an operating state
corresponds to the first level of the operation signal.

17. The control device of the electric sealed compressor
according to claim 13,

wherein the signal holding circuit 1s configured to output

the operation signal with the second level 1n response
to a reset signal mput to the signal holding circuit, after
the signal holding circuit outputs the operation signal
with the first level.

18. The control device of the electric sealed compressor
according to claim 17,

wherein the signal holding circuit includes a tlip flop

circuit configured such that the signal output from the
abnormality detection element 1s input to a set terminal,
the reset signal 1s 1nput to a reset terminal, a signal
output 1n response to the reset signal corresponds to the
second level of the operation signal, and a signal output
in response to the signal received from the abnormality
detection element, indicating that the abnormality has
been detected, corresponds to the first level of the
operation signal.

19. The control device of the electric sealed compressor
according to claim 13, wherein the abnormality detection
clement 1s a current detection element which detects an input
current or an output current of the power converter, and the
signal output from the abnormality detection element, 1ndi-
cating that the abnormality has been detected, indicates that
the mput current or the output current 1s overcurrent which
1s equal to or higher than a predetermined current value.

20. An electric sealed compressor apparatus comprising,
the control device as recited 1n claim 13; and
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an electric sealed compressor.
21. A home appliance comprising the electric sealed
compressor apparatus as recited i claim 20.

22. A control device of an electric sealed compressor,

comprising;

an telligent power module including a power converter
which supplies electric power to an electric motor of
the electric sealed compressor; a driving circuit which
drives the power converter; and an abnormality detec-
tion element which detects abnormality 1n an abnor-
mality detection region including the power converter
and the driving circuit;

a controller configured to output a control signal for
driving the power converter to the driving circuit and
stop outputting the control signal 1n response to a signal
output from the abnormality detection element, the
signal 1ndicating that the abnormality has been
detected; and

an auxiliary protection circuit configured to deactivate the
driving circuit in response to the signal output from the
abnormality detection element, the signal indicating
that the abnormality has been detected,

wherein the auxiliary protection circuit includes a signal
holding circuit which outputs an operation signal which
1s a binary signal with a first level or a second level;

and an emergency shut-down circuit which receives the
operation signal as an mnput, wherein the signal holding
circuit 1s configured to output the operation signal with
the second level when the control device of the electric
sealed compressor 1s started-up, to output the operation
signal with the first level when the signal holding
circuit recerves the signal output from the abnormality
detection element, the signal indicating that the abnor-
mality has been detected, and to continue to output the
operation signal with the first level after a state is
formed, 1n which the signal output from the abnormal-
ity detection element does not indicate that the abnor-
mality has been detected,

wherein the emergency shut-down circuit 1s configured to
disconnect a path through which the control signal 1s
supplied to the driving circuit, to deactivate the driving,
circuit, when the operation signal is the first level, and
to establish the path to cause the driving circuit to be
activated, when the operation signal 1s the second level.

23. The control device of the electric sealed compressor

according to claim 22,

wherein the signal holding circuit 1s configured to auto-

matically output the operation signal with the second
level when a predetermined time passes after the signal
holding circuit outputs the operation signal with the
first level.

24. The control device of the electric sealed compressor

according to claim 23,
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wherein the signal holding circuit includes a monostable
multivibrator circuit which 1s configured to operate in
response to as a trigger the signal received from the
abnormality detection element, indicating that the
abnormality has been detected, and 1s configured such
that a signal output 1n a stable state corresponds to the
second level of the operation signal and a signal output
in an unstable state corresponds to the first level of the
operation signal.

235. The control device of the electric sealed compressor
according to claim 23,

wherein the signal holding circuit includes a timer circuit

which 1s configured to operate for a set time 1n response
to as a trigger the signal received from the abnormality
detection element, indicating that the abnormality has
been detected, and 1s configured such that a signal 1n a
non-operating state corresponds to the second level of
the operation signal and a signal 1n an operating state
corresponds to the first level of the operation signal.

26. The control device of the electric sealed compressor
according to claim 22,

wherein the signal holding circuit 1s configured to output

the operation signal with the second level 1n response
to a reset signal input to the signal holding circuit, after
the signal holding circuit outputs the operation signal
with the first level.

277. The control device of the electric sealed compressor
according to claim 26,

wherein the signal holding circuit includes a flip flop

circuit configured such that the signal output from the
abnormality detection element 1s input to a set terminal,
the reset signal 1s input to a reset terminal, a signal
output 1n response to the reset signal corresponds to the
second level of the operation signal, and a signal output
in response to the signal received from the abnormality
detection element, indicating that the abnormality has
been detected, corresponds to the first level of the
operation signal.

28. The control device of the electric sealed compressor
according to claim 22, wherein the abnormality detection
clement 1s a current detection element which detects an input
current or an output current of the power converter, and the
signal output from the abnormality detection element, 1ndi-
cating that the abnormality has been detected, indicates that
the input current or the output current 1s overcurrent which
1s equal to or higher than a predetermined current value.

29. An electric sealed compressor apparatus comprising
the control device as recited 1n claim 22; and

an electric sealed compressor.

30. A home appliance comprising the electric sealed
compressor apparatus as recited in claim 29.
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